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分别为 0.58、0.27 和 0.50 mmol/L。使二酚酶活力下降 50%的抑制剂浓度(IC50)
分别为 2.1、0.5 和 0.42 mmol/L。研究它们对二酚酶的抑制类型，肉桂酸和
4-甲氧基肉桂酸属于非竞争性抑制，抑制常数分别为 1.994 mmol/L 和 0.458 
mmol/L，4-羟基肉桂酸为竞争性抑制剂，抑制常数为 0.244 mmol/ L。抗菌实
验结果表明，肉桂酸、4-羟基肉桂酸和 4-甲氧基肉桂酸对大肠杆菌、枯草芽
孢杆菌和金黄色葡萄球菌的最低抑制浓度（MIC）均为 500 µg/mL，最低杀
菌浓度（MBC）均为 1000 µg/mL，对白色假丝酵母菌，肉桂酸和 4-羟基肉
桂酸的 MIC 为 500 µg/mL，最低杀菌浓度（MFC）均为 1000 µg/mL，而 4-
甲氧基肉桂酸的 MIC 为 250 µg/mL，MFC 为 500 µg/mL。 
2) 肉桂醛和 4-甲氧基肉桂醛使酪氨酸酶单酚酶活力下降 50%的抑制剂浓度
(IC50)分别为 0.64 和 0.39 mmol/L。二酚酶活力下降 50%的浓度(IC50)分别为
0.51 和 0.71 mmol/L。两者均为非竞争性抑制剂，抑制常数分别为 0.581 和
0.700 mmol/L。测定对大肠杆菌、枯草芽孢杆菌和金黄色葡萄球菌的 MIC 和
MBC，结果表明，肉桂醛为 250 和 500 µg/mL，4-甲氧基肉桂醛为 125 和 250 
µg/mL。对白色假丝酵母菌的 MIC 和 MFC，肉桂醛为 1000 和 2000 µg/mL，
4-甲氧基肉桂醛为 62.5 和 125 µg/mL。 
3) 研究肉桂酸甲酯对蘑菇酪氨酸酶的抑制活性，结果表明，对单酚酶和二酚酶，
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菌的 MIC 和 MBC 为 500 µg/mL 和 1000 µg/mL，对枯草芽孢杆菌和金黄色葡
萄球菌的 MIC 和 MBC 为 250 µg/mL 和 500 µg/mL，对白色假丝酵母菌的
MIC 和 MFC 为 1000 µg/mL 和 2000 µg/mL。 
4) 测定曲酸对蘑菇酪氨酸酶单酚酶活力下降 50%的抑制剂浓度(IC50)为 32 
μmol/L，对蘑菇酪氨酸酶二酚酶活力下降 50%的抑制剂浓度(IC50)为 20 
μmol/L。研究其抑制类型，结果表明，曲酸对二酚酶活力表现为可逆混合型
抑制作用，对游离酶的抑制抑制常数(KI) 和对酶-底物络合物的抑制常数(KIS)
分别为 13.0 和 100.0 μmol/L。抗菌实验结果表明，曲酸对大肠杆菌、枯草芽
孢杆菌和金黄色葡萄球菌的 MIC 为 1000 µg/mL，当浓度为 2000 µg/mL 时，
不能对大肠杆菌、枯草芽孢杆菌和金黄色葡萄球菌达到杀灭的效果。对白色
假丝酵母菌的 MIC 和 MFC 分别为 1000 µg/mL 和 2000 µg/mL。 
5) 对氰基苯酚和 3,4-二羟基氰苯对蘑菇酪氨酸酶均有单酚酶和二酚酶的抑制活
性，对单酚酶的 IC50 分别为 0.22 mmol/L 和 9.2 μmol/L，对二酚酶的 IC50 分
别为 0.80 mmol/L 和 13.5 µmol/L。研究它们的抑制类型，结果表明，对氰基
苯酚为竞争性抑制剂，3,4-二羟基氰苯为非竞争性抑制剂。而通过测定这两
者对大肠杆菌、枯草芽孢杆菌和金黄色葡萄球菌的抗菌效应，结果表明，对
氰基苯酚的 MIC 和 MBC 为 500 和 1000 µg/mL，3,4-二羟基氰苯为 1000 和
2000 µg/mL。对白色假丝酵母菌的 MIC 和 MFC，对氰基苯酚为 500 和 1000 
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Abstract 
 
Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme, which is of the 
activity of monophenolase and diphenolase, is widely distributed in microorganisms, 
animals and plants. Its inhibitors can be used widely in many fields including 
whitening agents, keeping fruits and vegetables fresh, insecticides. Our research in the 
present paper is composed of two parts. In the first part, we chose cinnamic acid and 
its derivants, cinnamaldehyde and its derivants, methyl cinnamate, kojic, 
4-cyanophenol and 3,4-dihydroxybenzonitrile as research objects, studied the 
inhibitory mechanism of analogs of them on the activity of monophenolase and 
diphenolase, and their kinetic constants were determined. In the second part, we 
studied the antimicrobials effect of these inhibitors.  
The effects of cinnamic acid, 4-hydroxy cinnamic acid and 4-methoxy cinnamic 
acid on mushroom tyrosinase were studied. Their IC50 for monophenolase were listed 
as: 0.58、0.27 and 0.50 mmol/L, IC50 for diphenolase were listed as 2.1、0.5 and 0.42 
mmol/L. Through the study of inhibitory mechanism, the results showed, cinnamic 
acid and 4-methoxy cinnamic acid were non-competitive inhibitors of diphenolase,  
and 4-hydroxy cinnamic acid was competitive inhibitors of diphenolase. And the 
results of the antimicrobials experiment showed, the minimum inhibitory 
concentration (MIC) of cinnamic acid, 4-hydroxy cinnamic acid and 4-methoxy 
cinnamic acid to E. coli, B. subtilis, St. aureus was 500 µg/mL, the minimum 
bactericidal concentration (MBC) was 1000 µg/mL. To C. albicans, the MIC of 
cinnamic acid and 4-hydroxy cinnamic acid was 500 µg/mL, the he minimum fungal 
concentration (MFC) was 1000 µg/mL, and the MIC of 4-methoxy cinnamic acid was 
250 µg/mL, the MFC was 500 µg/mL. 
The IC50 of cinnamaldehyde and 4-methoxy cinnamaldehyde for monophenolase 
were listed as: 0.64 and 0.39 mmol/L, for diphenolase were listed as 0.581and 0.700 
mmol/L. And cinnamaldehyde and 4-methoxy cinnamaldehyde were non-competitive 
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and 0.700 mmol/L. The results of the antimicrobials MIC and MBC to E. coli, B. 
subtilis, St. aureus showed: to cinnamaldehyde, they were 250 and 500 µg/mL, to 
4-methoxy cinnamaldehyde, they were 125 and 250 µg/mL. The MIC and MFC 
which of cinnamaldehyde to C. albicans were 1000 and 2000 µg/mL, of 4-methoxy 
cinnamaldehyde were 62.5 and 125 µg/mL. 
The effects of methyl cinnamate on mushroom tyrosinase were studied. The 
results showed, the IC50 of methyl cinnamate for monophenolase and diphenolase 
were 0.92 mmol/L and 1.65 mmol/L, and it was a non-competitive inhibitor. The MIC 
and MBC to E. coli were 500 µg/mL and 1000 µg/mL, to B. subtilis and St. aureus 
were 250 µg/mL and 500 µg/mL, The MIC and MFC to C. albicans were 1000 µg/mL 
and 2000 µg/mL. 
The IC50  value of  kojic for monophenolase and diphenolase were estimated as 
32 μmol/L and 20 μmol/L. It was a mixed type inhibitor, and the inhibition constant 
KI and KIS were determined to be 13.0 and 100.0 μmol/L. The results of the 
antimicrobials experiment showed, the MIC to E. coli, B. subtilis, St. aureus was 1000 
µg/mL, and it couldn’t kill them when its concentration was 2000 µg/mL. The MIC 
and MFC to C. albicans were 1000 µg/mL and 2000 µg/mL. 
The IC50  value of 4-cyanophenol and 3,4-dihydroxybenzonitrile on the 
monophenolase were determined to be 0.22 mmol/L and 9.2 μmol/L, on the 
diphenolase, which were determined to be 0.80 mmol/L and 13.5 µmol/L. Through 
the study of the inhibitory mechanism of them, the results showed 4-cyanophenol was 
a competitive inhibitor, 3,4-dihydroxybenzonitrile was a non-competitive inhibitor. 
The MIC and MBC of 4-cyanophenol to E. coli, B. subtilis, St. aureus were estimated 
as 500 and 1000 µg/mL, that of 3,4-dihydroxybenzonitrile were 1000 and 2000 
µg/mL. The MIC and MFC to C. albicans of 4-cyanophenol were 500 µg/mL and 
1000 µg/mL, and that of 3,4-dihydroxybenzonitrile were 1000 and 2000 µg/mL. 
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图 1.1 酪氨酸酶催化酚类化合物氧化的机理 
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